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A Teflon tube is loosely fitted into a guide passageway 
in a metallic heat transfer member. The tube has a 
water inlet at one end and an outlet at its other end. 
One end of the tube extends freely from an end of the 
passageway and the tube is movable both linearly and 
diametrically in the passageway so that the tube can 
expand both in length. and cross sectional area indepen- 
dently of the . heat transfer member. The tube has a 
coeCRcient of expansion greater than that of the heat 
transfer member whereby the expansion and contrac- 
tion of the tube as its temperature fluctuates loosens 
deposited salt crystals from the surface of the tube for 
expulsion by the water passing therethrough The heat 
transfer member may be either directly or indirectly 
electrically heated. The space between the tube and • 
passageway Wall may be filled with a heat conductive 
material which is liquid at the operating temperature of 
the heat transfer member. 

10 Claims, 6 Drawing Figures 
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Referring to FIG. 1 of the drawings, a steam genera- 

SCALE DEPOSIT REMOVAL ARRANGEMENT FOR tor 10 comprises a tubular housing member 1 1 formed 

ELECTRIC WATER HEATERS AND VAPORIZERS of a good heat conductive material such as ahiminum» 

The present invention relates in general to heat ex- a circular bottom member 12 sealably secured over the 

changers, and it relates more particularly to a new and S bottom of the member 11 by means of a plurality of 

unproved apparatus and system for heating water con- socket heat cap screws 13, and a cover member 14 

taining ionic impurities which are precipitated from the sealably secured over the top of member 11. A wh^e 

water during the heating thereof. mesh screen 15 is positioned over the member 11 to 

n Anirr^Dni njrt ni? tuv TMWEKrrrrkia function as a coalescing grid to prevent water droplets 

BACKGROUND OF THE INVENTION lo as weU as entnuned solidi from Altering a steam outlet 

Salt crystals deposited on the heat tranrfer surfaces port 17 in the cover 14. 

of water heaters and steam generators have long pres- An electric heating element 18 is arranged in a helix 

ented a major problem. Such deposits not only impair and cast directly in the housing member 11 whereby 

the transfer of heat to the water, but in those designs the member 11 is heated by the passage of electric 

wherein the water passes through heat transfer tubes or 1^ current through the element 18. A guide tube 20 

passageways, the salt deposits restrict the flow of water formed of a good heat conductive material such as 

through the unit. The problem is particularly acute in stainless steel or copper is also arranged in a helix and 

small steam generators and in small hot water heaters cast directly in the housing member 1 1 with the turns of 

as used, for example, in home type coffee makers and the two helices being interposed. The inner wall 21 of 

the like. the housing member 11 is cut away as shown at 22 so 

QTni>iibiADv ni7 TOT iMVCKmnw upper end of the tube 20 opens in a substan- 

SUMMARY OF THE INVENTION tangential direction into a cylindrical central 

Briefly, m accordance with the teachings of the pre- chamber 24 in the housing. If desired, the separate 

sent inventu)n a relatively low mass plastic tube is guide tube 20 may be omitted whereby the helical 

loosely fitted in a passageway in a heated metallic heat passageway is cast directly in the member 11* 

transfer member, and the water to be heated to passed A plastic tube 23, formed, for example of polytetra- 

through the plastic tube wherein it is heated. Prefer- fluroethylene and sold by E. I. duPont deNemours 

ably, the water if fed into the plastic tube in pulses under the trademark TEFLON, is loosely fitted in the 

sufficiently separated to cause the temperature of the tube 20 so as to permit the tube 23 to expand and 

tube to fluctuate between pulses, whereby the plastic ^ contract independently of the tube 20. We have found 

tube expands and contracts to dislodge any salts depos- that a tube 20 having an internal diameter of 0.325 inch 

ited on the wall surface therein^ The major variation in and a tube 23 having an external diameter of 0.310 

the length of the tube occurs when the temperature inch provide a satisfactory amount of clearance. At 

varies between the operating temperature of say 450^ F room temperature the upper end of the tube 23 extends 

and room temperature as, for example, at the beginning out of die tube 20 a short distance of say, ^ inch, into 

and end of each day. In one embodiment of the inven- the cen^ chamber of the unit At 450^ F the tube 

tion the space between the plastic tube and the heat extends about inches into the central chamber as 

transfer member is filled with a heat conductive liquid shown in phantom. The lower ends of the tubes 20 and 

such as silicone oil or with a low melting point metal 23 are flush and connected to a suitable water inlet 

such as bismuth. The liquid provides a good heat trans- fitting (not shown). As is explained more fully hereinaf- 

fer medium between the heated member and the plastic ter in connection with FIG. 5, small pulses or charges of 

tube while permitting tube to expand and contract water of, for example, 6ml are fed into the lower end of 

relative to die wall of the passageway m which it is the tube 23 every fifteen seconds. The overall tube 23 

mounted. In another embodiment of the invention a 43 hasa volume of about 60ml. When the water enters the 

solid core member, rectangular in cross-section, ex- tube 23 the temperature of the tube 23 decreases caus- 

tends through the center of the plastic tube, and in still Ing the tube 23 to contract and dislodge salt crystals 

another embodiment an electric heating element ex- previously deposited thereon. The member 11 is pref- 

tends through the solid core. erably heated to a temperature of about 450** F before 

BIUEFDESCRimONOFTHEDRAWmO » S^.'SL'^J^S^r'^ir^rirSS 

Further objects and advantages and a better under- central chamber. The clean steam passes upwardly 

standing of the present invention can be had by refer- from the central chamber through the screen 15 and 

ence to the following detailed description, wherein: out of the generator through the outlet tube 17 from 

FIG. 1 is an elevational view, partly sectioned, of a 55 which it is coupled to the woric area. The volume of 

steam generator embodying features of the present each charge is not critical and may be, in s6me cases, 

invention;* up to one-half the total volume of the tube 23, but we 

FIG. 2 is a fragmentary enlarged sectional view of a have found that a charge volume of one-tenth ^e total 

heat exchanger incorporating another embodiment of volume of the tube 23 provides relatively dty steam at 

the mvention; 60 the outlet 17. 

FIG. 3 is a view, simflar. to that of FIG. 2, of still As shown in FIG. 2, a solid square core piece 25 may 

another embodiment of the invention; be fitted into the plastic tube 23 to increase the surface 

FIG. 4 is another view, similar to that of FIG. 3, of a to volume ratio of the water being heated. The core 25 

further embodiment of the invention; , may be formed of the same material as is the tube 23 

FIG. 5 is a circuit diagram of a stream generating 65 and has a diagonal dimension slightly less than the 

system embodying the present mvention, and internal diameter of the tube 23. 

FIG. 6 is a fragmentary view of another embodiment As shown in FIG. 3, in accordance with another em- 

of the invention. bodiment of the invention a resistance heating element 
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26 may extend through the core 25 to provide a source 
of heat for the water in the tube 23. 

As shown in FIG. 4, the space between the lower 
portion of the tube 23 and the waD of the guide pas- 
sageway in which it is disposed may be fiDed with a 
material 27 which is in the liquid state at the operating 
temperature of the system. A silicone oil, a low melting 
point metal such as bismuth or a fuse alloy, or a heat 
tansfer salt may thus be used for this purpose. The 
Uquid provides a good heat conductive interface be- 
tween the tube 23 and the tube 20 while permittmg the 
tube 23 to freely expand and contract as its tempera- 
ture increases and decreases. 

Referring to FIG. 5, a source of water under pressure 
is coupled OuDUgh a solenoid controUed water inlet 
valve 28 to the water inlet at the bottom of the steam 
generator 10. A pair of electric power lines are respec- 
tively connected through a double pole double throw 
main switch 30 and through a thermostatic switch 31 to 
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15 


and expansion thereof as m the case of the tube 23. For 
use.as a water heater, electric current is passed through 
the tube 40, to maintam its temperature at a desired 
value of, for example, .175' F and water is passed 
through the plastic tube 41 when hot water is de- 
manded. While water is flowing through the tube 41 the 
temperature of the tube 41 decreases and is less than 
when the flow stops. Smce the normal demand for hot 
water is not constant, the tube 41 intermittently ex- 
pands and contracts to dislodge any salt crystals precip- 
itated out of the water and deposited on the waU of the 
tube. The subsequent flow of water through the tube 
carries the dislodged particles out of the tube. In use, 
the tubes 40 and 41 will generally be disposed m a 
vertical position with water flow from top to bottom 
and with the control valve positioned below the bottom 
of the tubes whereby the inner tube remains fined with 
water at all thnes. 
While the present invention has been described in . 


the heating element 18 for maintaining the generator at 20 . ^'^^^^ present myention has been described in 
a predetermined temperature. The thermostat 31 is ^^""^^^^n with parbcular embodiments thereof, it wifl 
preferably mounted between the outside waU of the u by those skilled in the art that many 
housing member 11 and an msulating cover 29. cnanges and modifications may be made without de- 
bt order to controflably energize the control solenoid P^^? from the true spirit and scope of the present 
of the valve 28, a cam operated switch 32 is seriaUy 25 °J\®"^°»- Therefore, it is intended by the appended 
connected with the control solenoid of the valve and ^T??f ^ changes and modifications 
the main switch 30 across the power source. A switch wn^h come withm the true spirit and scope of this 
actuating cam 33 is driven by a timer motor 34 which 
is serially connected with a switch 35 across the output 


spirit and scope 

invention . 

What is clahned: 

terminals of the main switch 30 for periodically open- 30 ,^ exchanger for heatmg water containing 
mg the water inlet valve 28. dissolved solids, comprising in combination 


35 


ing the water inlet valve 28. 

In operation, the main switch 30 is closed to energize 
the control circuit and also to supply current to the 
heating coil 18. After the generator 10 has reached the 
operating temperature,, the switch 35 may be closed 
whenever steam is required. With the switch 35 closed, 
the motor 34 drives the cam 33 at a constant speed to 
open the Water mlet valve 28 ^or a period of about \k 
second every 15 seconds. While the valve 28 is open a 
pulse or charge of water is fed into the tube 23. In a 40 
tube 23 having a length of 70 inches, we have found 
that a charge filling the Jower 6 inches of the tube 
provides restively dry steam from th^ unit Each time 
that water is fed into the tube 23 the temperature of the 
tube 23 quickly decreases to cause it to contract both 
in length and in cross-section. Depending on its purity, 
in about 4 to 6 seconds the charge of water flashes into 
steam which passes through the tube 23 into the central 
chamber in a generally tangential direction causing the 
steam to swiri in the chamber and the solids to be cen- 
trifuged against the chamber wall During the time that 
die- valve 28 is closed after the steam has been gener- 
ated, the temperature of the tube 23 increases whereby 
it expands m . both length and cross^section. It is impor- 
tant, therefore, that the tube 23 be free from the guide 
tube 22 so that the temperature thereof may fluctuate 
and the tube 23 may be expand and contract a sufR^ 
cient amount to dislodge the deposited salt crystals. 
Should it be desired to supply, water at a continuous 
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metallic heat transfer means having a guide passage- 
way therethrough, 
means for heating said heat transfer means, 
a plastic tube having a coefficient of thermal expan- 
sion substantially greater than that of said heat 
transfer means, . 
said tube havmg a water inlet at one end and a fluid 

outlet at the other end, 
said tube being coaxially disposed within said pas- 
sageway in heat transfer relationship therewith, 
said tube bemg sufRciently smaller in external cross- 
section than the internal cross-section of said pas- 
sageway and being movable in said passageway 
with at least one end of said tube extending freely 
from one end of said passageway so that said tube 
may expand independently of said heat transfer 
means in both length and cxoss^ectional area, 
whereby expansion and contraction of said tube dis- 
lodges salt crystals deposited on the mterior waU 
, thereof. 

2. A heat exchanger according to claim 1 wherem 
said plastic tube is formed of polytetrafluroetiiylene. 

3. A heat exchanger according to claim 1 wherein 
the space between said tube and the wall of said 

passageway is fiUed witii a materia] which is m tiie 
liquid state m the operating temperature range of 
said exchanger. 

4. A heat exchanger according to claim i wheiem 


rate to the generator, a manual switch 37, which is 60 said heat transfer means comprises 


^ - 0 — - y — ~- ■ ■ ■ — — — WW -WW— w- w , aw 

spring biased in an open position, is connected in paral- 
lel with the cam operated switch 32. Accordmgly, while 
die switch 37 is held closed, water is supplied to the 
tube 23. 

Referring to FIG. 6, a heat exchanger 39 includes a 
heat toansfer and guide tube 40 which is formed of an 
electric resistance material. A plastic tube 41 is loosely 
fitted in the tube 40 to permit independent contraction 
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a heatable tube formed of a resistive material, 
means for passmg current through said heaUbte tube 

to heat.same, and 
tiie inteniail siirfece of said heatable tube piovidmg 

said passageway. 
5. A heat exqhanger according to claun 1 wherein 
said heat transfer means comprises 
a housing having a chamber therem. 


4,032,748 


said means for heating Including a heating element 
. extending in a helix sunounding.said chamber, and 

said guide passageway bdng a helix surrounding said 
chamber and opening, at. one end into said cham- 
ber, 

said at least one end of said tube extending from said 
heat transfer means into said chamber. 

6. A heat exchanger according to claim 5, ftirther 

comprising, 

a screen mounted over the top of said chamber, and. 
an outlet from said housing disposed above said 
screen. 

7. A heat exchanger according to claim 6 wherein 
said passageway opens in a substantially tangential 

direction into said chamber at said one end of said 

passageway. 

8. A heat exchanger according to claim 5 comprismg 
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a control valve through which- water is supplied to 
said tube, and 

' timer means for periodicaOy opening and closing said 
vahre to intermittently clmrge said tube with water, 
said vadve being open for a period whereby said 
tube is only paildally filled widi the water and said 
valve is subsequently closed for a sufiScient time to 
permit all of die water in said tube to be evapo- 
rated. 

9. A heat exchanger according to claim 8 wherein 
said water inlet is at the bottom, and 

each said charge of water fills less than one-half of 
said tube. 

10. A heat exchanger according to claim 8 wherein 
the turns of said heating element and said guide pas- 
sageway are mutuaUy interposed. 
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